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(54) METHOD AND APPARATUS FOR MONITORING THE CONDITION OF A POWER 
SEMICONDUCTOR MODULE

(57) The present invention relates to the field of elec-
tric drive devices and arrangements comprising a plural-
ity of power semiconductor components formed in or on
a common substrate, and more particularly to a method
and an apparatus for monitoring the condition of a power
semiconductor module. The method for monitoring the
condition of a power semiconductor module of an electric
drive device connected to an electric machine comprises
the steps of engaging (42) a locking of the rotor of said
electric machine at zero speed or at near zero speed by
injecting DC currents by said electric drive device, initi-
ating (43) test temperature recording in said power sem-
iconductor module, disengaging (44) said locking the ro-
tor of said electric machine by said electric drive device,
terminating (45) said test temperature recording and stor-
ing the recorded data of the test temperature as test tem-
perature data, and determining (47) the condition of the
power semiconductor module utilising said test temper-
ature data.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of elec-
tric drive devices and arrangements comprising a plural-
ity of power semiconductor components formed in or on
a common substrate, and more particularly to a method
and an apparatus for monitoring the condition of a power
semiconductor module.

BACKGROUND OF THE INVENTION

[0002] Electric drive devices i.e., electric drives, are
used in industry for different applications, such as for
driving motors within the transportation industry, for driv-
ing different devices within the process and manufactur-
ing industry as well as within the energy industry. There
are applications commonly used for electric drives within
the transportation industry for example in metro and rail-
way traffic applications as well as in ship propulsion unit
applications of the marine industry. Within the process
and manufacturing industry, electric drives can be used
for example in conveyer applications, in mixer applica-
tions or even in paper machine applications. Within the
energy industry, electric drives can be used for example
as electric drives for wind turbines of the wind power in-
dustry.
[0003] Power semiconductors can be arranged into
power semiconductor modules, such as, insulated gate
bipolar transistor (IGBT) modules, which can include
semiconductors configured into an inverter bridge leg or
a whole inverter bridge. Modern power semiconductors
are not ideal. They produce losses which manifest them-
selves in heat. This heat can cause overheating, which,
in turn, can cause in a failure in the power semiconductor.
For this reason, power semiconductors typically require
cooling during operation. The power semiconductor
module can also include a cooling interface or a cooling
element. For example, semiconductors can be mounted
on a thermally conductive base plate in a module in order
to provide a path for transferring heat from the semicon-
ductors. The base plate can then be connected to a cool-
ing element. The cooling element transfers heat from the
power semiconductor module to, for example, a flow of
air. The cooling element can be dimensioned such that
the power semiconductor module does not overheat un-
der normal operating conditions.
[0004] Chip temperature is one of the most critical pa-
rameters in power modules. Since a direct temperature
measurement is not possible, chip temperatures are usu-
ally estimated by measuring the temperature of the base
plate and using thermal models. However, there is a sin-
gle point of measurement in a power semiconductor mod-
ule obscuring the collected information in most cases. If
a chip has failed or is about to fail, it may not be detected
prematurely because all the chips contribute to base
plate temperature increases.

[0005] The power semiconductor is exposed to fluctu-
ating environmental and loading conditions, which cause
temperature oscillations. The thermal expansion of the
materials of which a semiconductor is composed exhibits
dissimilar characteristics. Because of the temperature
swings and the material differences, cracks, voids, and
delamination are induced at the surface of the multi-layer
module structure. The reduction of the heat conduction
area creates solder fatigue. The case temperature has
been quite often used for detecting module failures; how-
ever, since the separation of solder, thermal interface
materials, fan, and heatsink issues has been difficult to
be separated, its use and applicability has been rather
limited.
[0006] One popular method of monitoring the condition
of power semiconductor modules involves using temper-
ature measurements. The thermal behaviour of power
semiconductors is often used for monitoring their condi-
tion. The existing techniques can be classified in two main
types based on which thermal parameters as well as tem-
peratures (i.e., case or junction temperatures) are mon-
itored. When monitoring the junction temperature, a com-
mon practice is to obtain the parameters of the thermal
equivalent circuit by fitting the junction cooling curves.
[0007] Since direct measurement of the chip temper-
ature is not viable, the junction temperature is thus cal-
culated by measuring the temperature of the base plate
and using a thermal model. An NTC sensor (NTC, Neg-
ative Temperature Coefficient) is integrated into some
power semiconductor modules making temperature
measurements feasible. The overall fatigue of a power
semiconductor module can thus be determined by mon-
itoring the base plate temperature and the temperature
cycles it experiences during its life.
[0008] To achieve a closer thermal coupling and higher
accuracy, the NTC sensor is mounted near the silicon
chips. Usually, a power semiconductor module contains
several chips and only one temperature sensor, so the
same distance from the sensor cannot be maintained.
Moreover, internal design and isolation considerations
do not allow the sensor to be placed at the heat dissipa-
tion path. The majority of the heat is dissipated to the
environment through the heatsink increasing the temper-
ature of the baseplate and DCB material (DCB, Direct
Copper Bonding).
[0009] There is a significant drawback with prior art
solutions for monitoring the condition of a power semi-
conductor module. The main drawback is that the junc-
tion temperature is not directly measured; thus, it is ob-
tained e.g. by using the saturation voltage. Due to the
fact that a small current must be injected, and a voltage
transducer of high bandwidth must be used, this method
is invasive and not practical in the field. Also, the thermal
parameters must be calibrated when a new module is in
use.
[0010] This implicit manner of getting the temperature
input hinders its direct use for monitoring the condition
of power modules. For example, the NTC sensor reading
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cannot be used to monitor fast transient phenomena with
a small time constant in relation to that of the heat dissi-
pation. It is more suitable to represent the case temper-
ature in steady-state operating conditions. However,
even in that case, the availability of a single point of meas-
urement complicates understanding if a chip is about to
fail (e.g. bond wire lift-off) due to the heat dissipated from
the rest chips. A temperature difference may be caused,
but its effect is expected to be smoothened out. Conse-
quently, the inherent delay and sensor distance from the
chips obscure the direct evaluation of the reading.
[0011] Furthermore, even thermal distribution must be
considered when using the case temperature (more spe-
cifically, the temperature difference of the case and am-
bient). Detecting module failures is possible by extracting
a look-up table containing the recorded case tempera-
tures as a function of the module losses or by monitoring
the estimated thermal resistance. However, the degra-
dation of the thermal interface material and cooling
means (e.g. fan, heatsink) also induce changes in the
case temperature. The separation of the different causes
by monitoring the thermal parameters via curve-fitting is
a complicated process here as well. Most of the existing
methods require conducting extensive tests in a labora-
tory environment under different operating conditions
(e.g. fan speeds, loading, switching frequency, etc.).
Post-processing of the captured signals is necessitated
for extracting features and deciding the condition of the
module, whereas the separation of issues originating
from the cooling means is difficult.
[0012] There is a demand in the market for a method
and an apparatus for monitoring the condition of a power
semiconductor module that would provide a simple but
effective method that can be performed by an apparatus
for identifying whether a fault or a damage in a power
semiconductor module dissipates increased heat and for
deciding the condition of a power semiconductor module.

BRIEF DESCRIPTION OF THE INVENTION

[0013] The object of the invention is to introduce a
method and an apparatus for monitoring the condition of
a power semiconductor module, which would provide a
solution for identifying whether a fault or a damage in a
power semiconductor module dissipates increased heat
and for deciding the condition of a power semiconductor
module. Advantageous embodiments are furthermore
presented.
[0014] It is brought forward a new method for monitor-
ing the condition of a power semiconductor module of an
electric drive device connected to an electric machine,
which method comprises the steps of: engaging a locking
of the rotor of said electric machine at zero speed or at
near zero speed by injecting DC currents by said electric
drive device, initiating test temperature recording in said
power semiconductor module, disengaging said locking
the rotor of said electric machine by said electric drive
device, terminating said test temperature recording and

storing the recorded data of the test temperature as test
temperature data, and determining the condition of the
power semiconductor module utilising said test temper-
ature data.
[0015] In a preferred embodiment of said method, said
locking of the rotor is carried out with a DC-hold function
of said electric drive device.
[0016] In a preferred embodiment of said method,
wherein before said step of engaging parameter values
of said DC-hold function are set, said parameter values
comprising an angle parameter value of the current in-
jected by the DC-hold function.
[0017] In a preferred embodiment of said method, said
said angle parameter value of said DC-hold function is
set to any one of the following values: 1/6, 2/6, 3/6, 4/6,
5/6 or 0.
[0018] In a preferred embodiment of said method, said
parameter values of said DC-hold function comprise an
amplitude parameter value of the current injected by the
DC-hold function.
[0019] In a preferred embodiment of said method, said
amplitude parameter value of said DC-hold function is
set to a nominal parameter value or to a maximum pa-
rameter value.
[0020] In a preferred embodiment of said method, at
the start of said method the power semiconductor module
is at thermal equilibrium and the electric drive device is
not in use.
[0021] In a preferred embodiment of said method, be-
fore said step of determining the method comprises the
step(s) of: concluding whether the test steps according
to the method are to be carried out with another angle
parameter value of the current injected by said DC-hold
function, and when the result of said step of concluding
is "YES", the steps of engaging, initiating, disengaging
and terminating are repeated one or more times until the
result of said step of concluding is "NO".
[0022] In a preferred embodiment of said method, said
test temperature data comprises the value of the initial
test temperature, θinitial, the value of the final test
temperature θfinal, the test temperature difference θfinal -
θinitial, and/or the complete test temperature graph data.
[0023] In a preferred embodiment of said method, dur-
ing said method the speed of a fan of said electric drive
device is set to a value of 80%-100% of the maximum
fan speed value.
[0024] In a preferred embodiment of said method, dur-
ing said method the speed of a fan of said electric drive
device is set to a value of 0%-20% of the maximum fan
speed value.
[0025] In a preferred embodiment of said method, said
step of disengaging is executed when the locking of the
rotor has been engaged for a certain time period or when
the machine overload level of said electric drive device
is reached.
[0026] Furthermore, it is brought forward a new appa-
ratus for monitoring the condition of a power semicon-
ductor module of an electric drive device in an arrange-
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ment including an electric drive device connected to an
electric machine, the apparatus comprising: means for
locking of the rotor of said electric machine at zero speed
or at near zero speed by injecting DC currents, means
for recording test temperature in said power semicon-
ductor module and storing the recorded data of the test
temperature as test temperature data, and means for de-
termining the condition of the power semiconductor mod-
ule utilising said test temperature data.
[0027] In a preferred embodiment of said apparatus,
said means for said locking of the rotor include a DC-
hold function arranged in said electric drive device.
[0028] In a preferred embodiment of said apparatus,
said electric drive device is a frequency converter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the following, the present invention will be
described in more detail by way of example and with ref-
erence to the attached drawings, in which:

Figure 1 illustrates a part of one embodiment of a
power semiconductor module according to the
present invention.
Figure 2 illustrates one embodiment showing current
paths through a part of a power semiconductor mod-
ule according to the present invention.
Figure 3 illustrates another embodiment showing
current paths through a part of a power semiconduc-
tor module according to the present invention.
Figure 4 illustrates a flow diagram of one embodi-
ment of a method according to the present invention
for monitoring the condition of a power semiconduc-
tor module.
Figure 5 illustrates one example of the development
of temperature versus time in one embodiment of a
power semiconductor module according to the
present invention.
Figure 6 illustrates another example of the develop-
ment of temperature versus time in one embodiment
of a power semiconductor module according to the
present invention.
Figure 7 illustrates a third example of the develop-
ment of temperature versus time in one embodiment
of a power semiconductor module according to the
present invention.
Figure 8 illustrates a fourth example of the develop-
ment of temperature versus time in one embodiment
of a power semiconductor module according to the
present invention.

The foregoing aspects, features and advantages of the
invention will be apparent from the drawings and the de-
tailed description related thereto.
In the following, the invention will be described in greater
detail by means of preferred embodiments with reference
to the accompanying drawings of Figures 1 to 8.

DETAILED DESCRIPTION

[0030] The apparatus for monitoring the condition of a
power semiconductor module of an electric drive device
in an arrangement including an electric drive device con-
nected to an electric machine according to one embod-
iment of the present invention comprises means for lock-
ing of the rotor of said electric machine at zero speed or
at near zero speed by injecting DC currents, means for
recording test temperature in said power semiconductor
module and storing the recorded data of the test temper-
ature as test temperature data, and means for determin-
ing the condition of the power semiconductor module uti-
lising said test temperature data. The method for moni-
toring the condition of a power semiconductor module of
an electric drive device connected to an electric machine
according to one embodiment of the present invention
comprises the steps of: engaging a locking of the rotor
of said electric machine at zero speed or at near zero
speed by injecting DC currents by said electric drive de-
vice, initiating test temperature recording in said power
semiconductor module, disengaging said locking the ro-
tor of said electric machine by said electric drive device,
terminating said test temperature recording and storing
the recorded data of the test temperature as test temper-
ature data, and determining the condition of the power
semiconductor module utilising said test temperature da-
ta.
[0031] Figure 1 illustrates a part of one embodiment of
a power semiconductor module according to the present
invention. The presented power semiconductor module
comprises a DC input, six power semiconductor compo-
nents 11-16 and a three-phase output. Furthermore, said
power semiconductor module comprises an NTC sensor
17 arranged for detecting temperature of said power
semiconductor module. In the presented power semicon-
ductor module said power semiconductor components
11-16 are IGBT components 11-16 (IGBT, Insulated
Gate Bipolar Transistor).
[0032] When a failure such as a bond wire lift-off occurs
in one power semiconductor component 11-16, the re-
sistance of the current path is anticipated to increase,
resulting in increased power losses locally. This will
cause the temperatures of the DCB material and base-
plate will thus increase further in the vicinity of a faulty
semiconductor component 11-16. In the present embod-
iment the current path in the electric drive is changed
from one current path to another in order for altering
which power semiconductor component 11-16 dissipates
heat each time.
[0033] In the present embodiment, a DC-hold function
(DC, Direct Current) is engaged at a certain angle and
amplitude. Said DC-hold function is a function typically
available in some electric drive devices which locks the
rotor of the connected electric machine at zero speed or
at near zero speed by injecting DC currents.
[0034] To intensify the thermal phenomena without
damaging the components, the amplitude of the injected
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current vector is set to a nominal parameter value and
said nominal current may be injected for a short duration.
The angle may be set to maximise the current flowing
through one branch of said power semiconductor com-
ponents 11-16. Depending on how DC injection is imple-
mented and switching patterns are applied, some current
may still flow through the remaining power semiconduc-
tor components 11-16 of other branches. However, in
the present embodiment the thermal effects in one
branch of power semiconductor components 11-16 is
amplified by heating the power semiconductor compo-
nents 11-16 of said branch more than the power semi-
conductor components 11-16 of other branches. In one
embodiment of the present invention the locking of the
rotor of said electric machine at zero speed or at near
zero speed may also be carried out by altering the mod-
ulation for forcing the current to flow through one branch
of said power semiconductor components 11-16 of said
electric drive device.
[0035] With help of the present embodiment, it is then
possible to differentiate between temperature increases
attributed to the faulty power semiconductor component
11-16 and temperature increases attributed to the non-
faulty power semiconductor components 11-16.
[0036] Figure 2 illustrates one embodiment showing
current paths through a part of a power semiconductor
module according to the present invention. In Figure 2
there is shown a part of a power semiconductor module
according to the present embodiment, which comprises
a DC voltage source 1, two polarized DC-link capacitors
2, 3 arranged in series with each other, two IGBT tran-
sistors 21, 22 and two diodes 23, 24. Said two IGBT tran-
sistors 21, 22 are arranged in series with each other and
then connected to the DC voltage source 1 so that the
midpoint between said two IGBT transistors 21, 22 pro-
vides one phase of the three-phase output. One diode
23 of the said two diodes 23, 24 is connected to one IGBT
transistor 21 of said two IGBT transistors 21, 22. Respec-
tively, another diode 24 of the said two diodes 23, 24 is
connected to another IGBT transistor 22 of said two IGBT
transistors 21, 22.
[0037] In the present one embodiment, a DC-hold func-
tion engaged, and the amplitude of the injected current
vector is set to a nominal parameter value. The angle of
the injected current vector is set to a parameter value of
ϑ = 4/6. In Figure 2 the current path 31 through one IGBT
transistor 21 of said two IGBT transistors 21, 22 is shown
with an arrow marked with a reference number 31 when
said one IGBT transistor 21 is switched on. Respectively,
in Figure 2 the current path 32 through another diode 24
of the said two diodes 23, 24 is shown with an arrow
marked with a reference number 32 when said one IGBT
transistor 21 is switched off.
[0038] Figure 3 illustrates another embodiment show-
ing current paths through a part of a power semiconductor
module according to the present invention. In Figure 3
there is shown a part of a power semiconductor module
according to the present embodiment, which comprises

a DC voltage source 1, two polarized DC-link capacitors
2, 3 arranged in series with each other, two IGBT tran-
sistors 21, 22 and two diodes 23, 24. Said two IGBT tran-
sistors 21, 22 are arranged in series with each other and
then connected to the DC voltage source 1 so that the
midpoint between said two IGBT transistors 21, 22 pro-
vides one phase of the three-phase output. One diode
23 of the said two diodes 23, 24 is connected to one IGBT
transistor 21 of said two IGBT transistors 21, 22. Respec-
tively, another diode 24 of the said two diodes 23, 24 is
connected to another IGBT transistor 22 of said two IGBT
transistors 21, 22.
[0039] In the present another embodiment, a DC-hold
function is engaged, and the amplitude of the injected
current vector is set to a nominal parameter value. The
angle of the injected current vector is set to a parameter
value of ϑ = 1/6. In Figure 3 the current path 33 through
another IGBT transistor 22 of said two IGBT transistors
21, 22 is shown with an arrow marked with a reference
number 33 when said another IGBT transistor 22 is
switched on. Respectively, in Figure 3 the current path
34 through one diode 23 of the said two diodes 23, 24 is
shown with an arrow marked with a reference number
34 when said another IGBT transistor 22 is switched off.
[0040] Figure 4 illustrates a flow diagram of one em-
bodiment of a method according to the present invention
for monitoring the condition of a power semiconductor
module. In the method according to the present one em-
bodiment the DC-hold function of the electric drive device
is activated and the method according to the present em-
bodiment is started. In the start of the test according to
the method, the power module may be at thermal equi-
librium and the drive may be not in use. After the start of
the method the parameter value(s) for the DC-hold func-
tion are set 41. The parameter value(s) for the DC-hold
function may include an angle parameter value of the
current injected by the DC-hold function. The parameter
value(s) for the DC-hold function may also include an
amplitude parameter value of the current injected by the
DC-hold function. For example, the amplitude parameter
value of the injected current vector may be set to a nom-
inal value and the angle parameter value of the injected
current vector may be set to maximise the current flowing
through one branch of said power semiconductor com-
ponents 11-16, 21-24.
[0041] As a next step in the method according to the
present one embodiment, the DC-hold function is en-
gaged 42. Shortly before or after or at the same time with
engaging 42 the DC-hold function the recording of the
test temperature θ in said power semiconductor module
is initiated 43. Upon initiating 43 the recording of the test
temperature θ, the value of the initial test temperature
θinitial may be stored.
[0042] Thereafter, the engaging of the DC-hold func-
tion is continued for a predetermined amount of time or
until the recorded test temperature θ reaches a prede-
termined level of thermal equilibrium (i.e., dθ/dt < ∈ ).
After said predetermined amount of time has passed or
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after said predetermined level of thermal equilibrium has
been reached, the DC-hold function is disengaged 44.
Shortly before or after or at the same time with disengag-
ing 44 the DC-hold function the recording of the test tem-
perature θ in said power semiconductor module termi-
nated 45. Upon terminating 45 the recording of the test
temperature θ, the recorded data of the test temperature
θ may be stored as test temperature data. Likewise, upon
terminating 45 the recording of the test temperature θ,
the value of the final test temperature θfinal may be stored.
Said test temperature data may include the value of the
initial test temperature, θinitial. the value of the final test
temperature θfinal, the test temperature difference θfinal -
θinitial, and/or the complete test temperature graph data.
[0043] As a next step in the method according to the
present one embodiment it is concluded 46 whether the
test steps according to the method are to be carried out
with another angle of the injected current. If the answer
to the question of said step of concluding 46 is "YES",
an amplitude parameter value and an angle parameter
value of the current injected by the DC-hold function are
set 41. For example, the amplitude parameter value of
the injected current vector may be kept at a nominal value
and the angle parameter value of the injected current
vector may be set to another value to maximise the cur-
rent flowing through another branch of said power sem-
iconductor components 11-16, 21-24. After setting 41
said amplitude parameter value and said parameter an-
gle value, the steps of engaging the DC-hold function 42,
initiating the test temperature θ recording 43, disengag-
ing the DC-hold function 44 and terminating the test tem-
perature θ recording 45 are repeated. Thereafter, the test
steps 41-45 according to the method may be yet again
carried out with yet another angle of the injected current
until it is concluded 46 that there are no more angles of
the injected current for carrying out the test steps accord-
ing to the method. This means that the answer to the
question of said step of concluding 46 is "NO", and con-
sequently the DC-hold function of the electric drive device
is deactivated. As the final step in the method according
to the present one embodiment the condition of the power
semiconductor module is determined 47 and the method
according to the present embodiment is ended.
[0044] In the step of determining 47 the condition of
the power semiconductor module said test temperature
data is utilised. In particular, said test temperature differ-
ence θfinal - θinitial, may be utilised in the determining 47
the condition of the power semiconductor module. Like-
wise, the temperature change recorded a certain duration
after engaging 42 the DC-hold function may be utilised
in the determining 47 the condition of the power semi-
conductor module. Furthermore, in the step of determin-
ing 47 an analysis of time constants, temperature rates,
parameters of fitted curves and/or other parameters de-
rived from said test temperature data may be utilised.
[0045] In Figure 4 only one embodiment of a method
according to the present invention is illustrated. In ac-
cordance with the present embodiment only certain pow-

er semiconductor components 11-16, 21-24 at one time
are heated in a power semiconductor module for moni-
toring their condition by using the recorded data of the
test temperature θ.
[0046] In accordance with the present embodiment,
the DC-hold function may be disabled for a certain
amount of time in between carrying out the test steps for
avoiding overheating the motor, e.g. before applying a
new parameter angle value. Furthermore, in accordance
with the present embodiment, it should be secured that
the drive parameters of the electric drive device such as
e.g. fan operation parameters, switching frequency pa-
rameters and current parameters are not altered by the
drive during the several temperature measurement tests.
[0047] Figure 5 illustrates one example of the devel-
opment of temperature versus time in one embodiment
of a power semiconductor module according to the
present invention. In the presented example of Figure 5,
the development of the measured temperature versus
time was measured in two tests. In the first test an inten-
tional defect was introduced to said power semiconductor
module by cutting three bond wires of the total six bond
wires in a specific defect location this leaving only three
remaining bond wires operational. Thereafter the first test
was carried out by engaging the DC-hold function with
the amplitude parameter value of the injected current
vector being set to a nominal parameter value and the
angle parameter value of the injected current vector is
set to a parameter value of ϑ = 4/6 to maximise the current
flowing through said specific defect location. In Figure 5,
the graph marked with reference number 51 shows the
measured temperature versus time in said first test with
three bond wires remaining operational in said specific
defect location. In the second test the intentional defect
in said power semiconductor of said first test was further
damaged by cutting two more bond wires of the previ-
ously remaining three bond wires in said specific defect
location this now leaving only one remaining bond wire
operational. Thereafter the second test was carried out
by engaging the DC-hold function with the amplitude pa-
rameter value of the injected current vector being set to
a nominal parameter value and the angle parameter val-
ue of the injected current vector is set to a parameter
value of ϑ = 4/6 to maximise the current flowing through
said specific defect location. In Figure 5, the graph
marked with reference number 52 shows the measured
temperature versus time in said first test with only one
bond wire remaining operational in said specific defect
location.
[0048] As illustrated in Figure 5, the test temperature
difference θfinal - θinitial, was 6 °C with three remaining
bond wires and 10 °C with only one remaining bond wire.
The test confirms that the variation of the case temper-
ature is significantly larger when more bond wires were
cut indicating a failure in the power semiconductor mod-
ule. Also as indicated in Figure 5, the difference in the
stabilized temperatures in the two fault tests depicted by
graphs 51 and 52 was 15 °C. This reveals that when
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maximum current flows through the damaged chip a high-
er temperature difference is recorded.
[0049] Figure 6 illustrates another example of the de-
velopment of temperature versus time in one embodi-
ment of a power semiconductor module according to the
present invention. In the presented another example of
Figure 6, the development of the measured temperature
versus time was measured in two tests. In the first test
an intentional defect was introduced to said power sem-
iconductor module by cutting three bond wires of the total
six bond wires in a specific defect location this leaving
only three remaining bond wires operational. Thereafter
the first test was carried out by engaging the DC-hold
function with the amplitude parameter value of the inject-
ed current vector being set to a nominal parameter value
and the angle parameter value of the injected current
vector is set to a parameter value of ϑ = 1/6 to maximise
the current flowing through said specific defect location.
In Figure 6, the graph marked with reference number 53
shows the measured temperature versus time in said first
test with three bond wires remaining operational in said
specific defect location. In the second test the intentional
defect in said power semiconductor of said first test was
further damaged by cutting two more bond wires of the
previously remaining three bond wires in said specific
defect location this now leaving only one remaining bond
wire operational. Thereafter the second test was carried
out by engaging the DC-hold function with the amplitude
parameter value of the injected current vector being set
to a nominal parameter value and the angle parameter
value of the injected current vector is set to a parameter
value of ϑ = 1/6 to maximise the current flowing through
said specific defect location. In Figure 6, the graph
marked with reference number 54 shows the measured
temperature versus time in said first test with only one
bond wire remaining operational in said specific defect
location.
[0050] As illustrated in Figure 6, the test temperature
difference θfinal -θinitial, was 15 °C with three remaining
bond wires and 25 °C with only one remaining bond wire.
The test confirms that the variation of the case temper-
ature is significantly larger when more bond wires were
cut indicating a failure in the power semiconductor mod-
ule. Also as indicated in Figure 6, the difference in the
stabilized temperatures in the two fault tests depicted by
graphs 53 and 54 was 10 °C. This reveals that when
maximum current flows through the damaged chip a high-
er temperature difference is recorded.
[0051] The present invention can also be utilised in dis-
tinguishing between faults in said electric drive device
originating from a failure in the power semiconductor
module and faults originating from degradation or failures
in thermal material interface or in a cooling means, e.g.
a cooling fan or a cooling heatsink of said electric drive
device.
[0052] Figure 7 illustrates a third example of the devel-
opment of temperature versus time in one embodiment
of a power semiconductor module according to the

present invention. In the presented third example of Fig-
ure 7, the development of the measured temperature ver-
sus time was measured in two tests. In both of said two
tests there was no defects was introduced to said power
semiconductor module. The first test was carried out by
engaging the DC-hold function with the amplitude param-
eter value of the injected current vector being set to a
nominal parameter value and the reference speed of the
fan of said electric drive device is set to a near-zero
speed, i.e. to a value of 0%-20% of the maximum fan
speed value. In the first test the electric drive device is
heating up the power semiconductor module for a certain
time period or until the machine overload level of said
electric drive device is reached; whichever comes first.
Then, the DC-hold function is disengaged until the end
of the first test. Since the fan is set at near-zero speed,
only the temperature of the power semiconductor module
is monitored during this first test. In Figure 7, the graph
marked with reference number 61 shows the measured
temperature versus time in said first test with fan set to
near-zero speed. In the second test the fan speed of said
electric drive device is set to a near-maximum speed, i.e.
to a value of 80%-100% of the maximum fan speed value.
Thereafter the second test was likewise carried out by
engaging the DC-hold function with the amplitude param-
eter value of the injected current vector being set to a
nominal parameter value and the reference speed of the
fan of said electric drive device is set to its near-maximum
value (i.e., 80%-100%). In the second test the electric
drive device is heating up the power semiconductor mod-
ule for a certain time period or until the machine overload
level of said electric. drive device is reached; whichever
comes first. Then, the DC-hold function is disengaged
until the end of the second test. Since the fan is set to its
maximum value, during the cooling phase only the fan is
in operation, whereas in the previous first test both the
power semiconductor module and the fan were out of
operation. In Figure 7, the graph marked with reference
number 62 shows the measured temperature versus time
in said first test with fan set to its maximum speed.
[0053] As illustrated in Figure 7, the tests of the pre-
sented embodiment allow separating the fan operation
from the operation of the power semiconductor module.
Also, for fan diagnostics, history data from the first day
of operation can be used to signal issues in the cooling
means.
[0054] Figure 8 illustrates a fourth example of the de-
velopment of temperature versus time in one embodi-
ment of a power semiconductor module according to the
present invention. In the presented fourth example of Fig-
ure 8, the development of the measured temperature ver-
sus time was measured in two tests. In both of said two
tests there was no defects was introduced to said power
semiconductor module. In the first test there was a defect
introduced to the fan of said power semiconductor mod-
ule by blocking the fan and in the second test the fan was
unharmed and set for normal operation. The first test was
carried out by engaging the DC-hold function with the
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amplitude parameter value of the injected current vector
being set to a nominal parameter value and the fan of
said electric drive device was blocked. In the first test the
electric drive device is heating up the power semicon-
ductor module for a certain time period or until the ma-
chine overload level of said electric drive device is
reached; whichever comes first. Then, the DC-hold func-
tion is disengaged until the end of the first test. Since the
fan is blocked, only the temperature of the power semi-
conductor module is monitored during this first test. In
Figure 8, the graph marked with reference number 63
shows the measured temperature versus time in said first
test with fan blocked. In the second test the fan speed of
said electric drive device is set for normal operation.
Thereafter the second test was likewise carried out by
engaging the DC-hold function with the amplitude param-
eter value of the injected current vector being set to a
nominal parameter value and the fan of said electric drive
device is set for normal operation. In the second test the
electric drive device is heating up the power semicon-
ductor module for a certain time period or until the ma-
chine overload level of said electric drive device is
reached; whichever comes first. Then, the DC-hold func-
tion is disengaged until the end of the second test. Since
the fan is set for normal operation, during the cooling
phase only the fan is in operation, whereas in the previous
first test the power semiconductor module was out of
operation and the fan was blocked. In Figure 8, the graph
marked with reference number 64 shows the measured
temperature versus time in said first test with fan set for
normal operation.
[0055] As illustrated in Figures 7 and 8, the tempera-
ture slope during the cooling phase is strongly affected
by the fan condition, and since the power semiconductor
module is out of operation, it helps to identify fan issues
when the power semiconductor module also performs
poorly. Additionally, when the performance degradation
of the power semiconductor module is substantial, the
stored data when having zero speed can be used as a
baseline for the comparison. In this case, the maximum
temperature and slope during the heating up process is
expected to be higher and can therefore be isolated from
the fan issues.
[0056] According to the present invention the diagnos-
tic tests may be performed to each branch of the power
semiconductor module separately. In accordance with
the present invention, the electric drive device can heat
up the power semiconductor module by performing the
DC-hold function with keeping the current in its rated val-
ue. For speeding up the test, the switching frequency
may be set to a constant value such as e.g. to a maximum
switching frequency. According to the present invention
the diagnostic tests may be executed when the drive is
set up on the first day to establish a proper reference
data. Furthermore, the diagnostic tests may be executed
periodically when the drive does not perform critical tasks
e.g. during night and/or weekends. For safety reasons,
the diagnostic tests are executed by utilizing the DC-hold

function available in the electric drive device, that is with-
out requiring the shaft of the connected electric machine
to be rotated. In accordance with the present invention,
the existing sensors such as e.g., ambient & temperature
sensors in the electric drive device may be utilized. Fur-
thermore, the test temperature data may be analysed
also by considering how the power semiconductor com-
ponents in the power semiconductor module are posi-
tioned.
[0057] In accordance with the present invention, by
performing diagnostic tests in the electric drive device, it
is possible to monitor the condition of the power semi-
conductor module and the condition of the cooling means
(e.g., fan, heatsink). In said diagnostic tests the temper-
atures are recorded during the heating and cooling phas-
es. According to the present invention the diagnostic
tests are performed at certain fan speeds, e.g. 0%, 100%,
whereas the DC-hold function is ceased during the cool-
ing phase for distinguishing between faults in said electric
drive device originating from a failure in the power sem-
iconductor module and faults originating from degrada-
tion or failures in thermal material interface or in a cooling
means, e.g. a cooling fan or a cooling heatsink of said
electric drive device.
[0058] With the help of the solution for monitoring the
condition of a power semiconductor module according
to the present invention there is provided a simple but
effective method that can be performed by an apparatus
for identifying whether a fault or a damage in a power
semiconductor module dissipates increased heat and for
deciding the condition of a power semiconductor module.
[0059] With the help of the solution according to the
present invention the issues arising from the single meas-
urement point are alleviated. In accordance with the
present invention, the condition of the power semicon-
ductor components is monitored by analysing test tem-
perature data and considering how the power semicon-
ductor components in the power semiconductor module
are positioned.
[0060] The solution according to the present invention
provides an effective and elegant solution for identifying
a failure such as a bond wire lift-off in one power semi-
conductor component in the power semiconductor mod-
ule.
[0061] It is to be understood that the above description
and the accompanying Figures are only intended to teach
the best way known to the inventors to make and use the
invention. It will be apparent to a person skilled in the art
that the inventive concept can be implemented in various
ways. The above-described embodiments of the inven-
tion may thus be modified or varied, without departing
from the invention, as appreciated by those skilled in the
art in light of the above teachings. It is therefore to be
understood that the invention and its embodiments are
not limited to the examples described above but may vary
within the scope of the claims and their equivalents.
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Claims

1. A method for monitoring the condition of a power
semiconductor module of an electric drive device
connected to an electric machine, which method
comprises the steps of:

- engaging (42) a locking of the rotor of said elec-
tric machine at zero speed or at near zero speed
by injecting DC currents by said electric drive
device,
- initiating (43) test temperature recording in said
power semiconductor module,
- disengaging (44) said locking the rotor of said
electric machine by said electric drive device,
- terminating (45) said test temperature record-
ing and storing the recorded data of the test tem-
perature as test temperature data, and
- determining (47) the condition of the power
semiconductor module utilising said test tem-
perature data.

2. A method according to claim 1, wherein said locking
of the rotor is carried out with a DC-hold function of
said electric drive device.

3. A method according to claim 2, wherein before said
step of engaging parameter values of said DC-hold
function are set (41), said parameter values com-
prising an angle parameter value of the current in-
jected by the DC-hold function.

4. A method according to claim 3, wherein said angle
parameter value of said DC-hold function is set (41)
to any one of the following values: 1/6, 2/6, 3/6, 4/6,
5/6 or 0.

5. A method according to claim 3 or to claim 4, wherein
said parameter values of said DC-hold function com-
prise an amplitude parameter value of the current
injected by the DC-hold function.

6. A method according to claim 5, wherein said ampli-
tude parameter value of said DC-hold function is set
(41) to a nominal parameter value or to a maximum
parameter value.

7. A method according to any of the claims 1-6, wherein
at the start of said method the power semiconductor
module is at thermal equilibrium and the electric drive
device is not in use.

8. A method according to any of the claims 3-7, wherein
before said step of determining (47) the method com-
prises the step(s) of:

- concluding (46) whether the test steps accord-
ing to the method are to be carried out with an-

other angle parameter value of the current in-
jected by said DC-hold function, and
- when the result of said step of concluding 46
is "YES", the steps of engaging (42), initiating
(43), disengaging (44) and terminating (45) are
repeated one or more times until the result of
said step of concluding (46) is "NO".

9. A method according to any of the claims 1-8, wherein
said test temperature data comprises the value of
the initial test temperature, θinitial, the value of the
final test temperature θfinal, the test temperature dif-
ference θfinal - θinitial, and/or the complete test tem-
perature graph data.

10. A method according to any of the claims 1-9, wherein
during said method the speed of a fan of said electric
drive device is set to a value of 80%-100% of the
maximum fan speed value.

11. A method according to any of the claims 1-10, where-
in during said method the speed of a fan of said elec-
tric drive device is set to a value of 0%-20% of the
maximum fan speed value.

12. A method according to any of the claims 1-11, where-
in said step of disengaging (44) is executed when
the locking of the rotor has been engaged for a cer-
tain time period or when the machine overload level
of said electric drive device is reached.

13. An apparatus for monitoring the condition of a power
semiconductor module of an electric drive device in
an arrangement including an electric drive device
connected to an electric machine, the apparatus
comprising:

- means for locking of the rotor of said electric
machine at zero speed or at near zero speed by
injecting DC currents,
- means for recording test temperature in said
power semiconductor module and storing the re-
corded data of the test temperature as test tem-
perature data, and
- means for determining the condition of the pow-
er semiconductor module utilising said test tem-
perature data.

14. An apparatus according to claim 13, wherein means
for said locking of the rotor include a DC-hold function
arranged in said electric drive device.

15. An apparatus according to claim 13 or to claim 14,
wherein said electric drive device is a frequency con-
verter.
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